Dementia is receiving increasing attention from governments and politicians. Epidemiological research based on western European populations done 20 years ago provided key initial evidence for dementia policy making, but these estimates are now out of date because of changes in life expectancy, living conditions, and health profiles. To assess whether dementia occurrence has changed during the past 20-30 years, investigators of five different studies done in western Europe (Sweden [Stockholm and Gothenburg], the Netherlands [Rotterdam], the UK [England], and Spain [Zaragoza]) have compared dementia occurrence using consistent research methods between two timepoints in welldefined geographical areas. Findings from four of the five studies showed non-significant changes in overall dementia occurrence. The only significant reduction in overall prevalence was found in the study done in the UK, powered and designed explicitly from its outset to detect change across generations (decrease in prevalence of 22%; p=0·003). Findings from the study done in Zaragoza (Spain) showed a significant reduction in dementia prevalence in men (43%; p=0·0002). The studies estimating incidence done in Stockholm and Rotterdam reported non-significant reductions. Such reductions could be the outcomes from earlier population-level investments such as improved education and living conditions, and better prevention and treatment of vascular and chronic conditions. This evidence suggests that attention to optimum health early in life might benefit cognitive health late in life. Policy planning and future research should be balanced across primary (policies reducing risk and increasing cognitive reserve), secondary (early detection and screening), and tertiary (once dementia is present) prevention. Each has their place, but upstream primary prevention has the largest effect on reduction of later dementia occurrence and disability.
Introduction
Dementia has only recently received focused attention worldwide similar to other major public health priorities, such as HIV/AIDS. 1, 2 Societies comprise an increasing proportion of elderly people who, because of age alone, are at an increasing risk of dementia. 3 Governments and politicians have become aware of the effect of dementia on individuals, families, and societies, and are worried about the likely increase in the number of people with dementia. 2 Although policies are usually assumed to be based on robust scientific evidence, epidemiological studies that measure who has, who will get, and who escapes dementia in populations, and whether these change over time, are surprisingly rare. 4 Estimations can be based on health service use or death certificates, as for many other disorders such as cardiovascular diseases and cancer, but this approach is not helpful for dementia because these sources register a changing proportion of people who meet dementia diagnostic criteria in the community. 5 Population studies are often based on single sites within countries, rarely whole geographical regions. 6 Estimation of occurrence from population-based epidemiological studies is crucial for planning and costing of health services and economic burdens, and therefore robust, relevant, and up-to-date estimates are needed to support the creation of useful dementia policies. These policies need to be sensitive to many individual and contextual factors, such as gender, culture, and socioeconomics, meaning that policies should differ between countries and with time.
Despite the trauma of two world wars, high-income countries in Europe have relatively stable social environments, wealthy living conditions, and advanced care systems, meaning that life expectancy is increasing, populations are ageing, and concern about dementia is increasing. The first epidemiological investigations of dementia in western Europe were started in the 1980s and had a discernible effect on policy 10 years later. 7 These studies are still affecting policy development nowadays and continue to provide an estimate of the size and distribution of dementia within European countries and across Europe, and are used at both national and local levels (eg, the UK's NHS primary care targets 8, 9 ) . Projections of the findings from these old studies support the idea of a continuing so-called dementia epidemic.
Although robust information about dementia was provided from these previous studies, policy makers need to now take into account societal changes and their potential effect on population health. Each generation of elderly people will have had different positive and negative effects on their health during their lives. 10 Established risk (eg, vascular diseases) and protective (eg, education) factors for dementia have changed hugely during successive generations. [11] [12] [13] 
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these changes in life expectancy and risk profiles, we would expect to see emerging variation in occurrence of dementia over time and between different countries. Policy making needs to incorporate up-to-date information based on evidence from up-to-date epidemiological studies in western Europe, which will take into account any such changes in dementia occurrence in representative populations. In addition to estimating the changing epidemiology of dementia and contributing to the body of knowledge on the changing nature and definition of this syndrome, these findings have implications for health policy and inform the debate on the direction of research funding. Policy makers from outside of western European countries could use evidence from these countries as a reference for their own dementia policy planning.
In this Policy View, we present evidence from the only European studies that have analysed changes in dementia occurrence. The aims of this Policy View are listed in panel 1. Explanations of key epidemiological terms and concepts are provided in panel 2.
How to assess and interpret epidemiological evidence
Although epidemiologists have been working for decades with population-based cohorts to establish the extent of dementia in populations, such research is, as all research is, only strictly relevant to a certain population over a certain time period. Policy makers need to interpret the evidence for dementia occurrence, bearing in mind possible variations with time and place, and generalisability to their own society.
Interpretation of scientific findings can vary depending on different perspectives and contexts. An illustration of the difficulty inherent in interpretation of new findings in relation to old findings, or comparisons across geography, is the comparative analysis of two systematic reviews of Chinese prevalence studies of dementia. 15, 16 In one systematic review, 15 the conclusion is that dementia prevalence is increasing in China. In the other, the increase in prevalence is attenuated compared with unadjusted estimates and does not reach significance when variation in methods is taken into account, showing that introduction of new and more inclusive diagnostic criteria seems to have been instrumental in the noted increase in dementia case identification. Such results provide a cautionary note about interpretation of potential changes in dementia occurrence. Prevalence reported from any studies that are based on present diagnostic practices and contact with health services are likely to be affected by increased attention to and awareness of dementia, and shifting diagnostic boundaries. This increase in awareness and diagnosis will counter the actual effect of reduction in occurrence through increased detection of so-called mild cases that were previously not recognised as meeting dementia criteria.
Inconsistent methods, enormous political interest, and stakeholder and public awareness could influence interpretation of scientific evidence for dementia. Cata strophic estimates of dementia in future ageing societies serve present political and charity campaigns, and encour age investment into pharmaceutical and health-care industries,
Panel 2: Epidemiological terms and measures Cohort
A cohort is a defined group of people. 14 This group is measured for risk and protective factors at baseline and then followed up by researchers, who regularly collect health data of the cohort over time. A population-based cohort is a representative sample of the entire target population.
Prevalence, incidence, and mortality
If we assume that occurrence of new cases (incidence) is comparable to a water stream into a container, and the stream leaking out represents those who die (mortality), the water level would be the prevalence. The flow rate of the water streams (incidence and mortality) therefore affects the water level (prevalence) at different timepoints.
Present policies are based on findings from prevalence studies (water level) because incidence (the flow rate) of non-communicable diseases is quite difficult to measure except through cohort studies, which might be or might not be population-based (ie, in a representative sample). Incidence and mortality are difficult to measure because estimations need to be based on the same study population over time. Not all the population-based cohort studies have sufficient resources and funding to complete the follow-up surveys.
If diagnostic criteria for dementia are made more restrictive, the water will seem to flow into the container at a slower rate and prevalence will seem to decrease, not because dementia is actually less common, but because its formal criteria have changed. If diagnostic criteria are made more inclusive, the converse will occur, with prevalence seeming to increase. 
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maintained by sustained attention of social and general media. Scientific evidence needs to match this excitement to continue to secure research funding and resources. Evidence-based policy does not only require consultation of the evidence, but also assessment of the relevance of the evidence, taking the quality of the research and potential effects of social context into account.
In addition to considering the source of the evidence, policy makers have to assess the quality of the evidence and its relevance to diverse settings. Whether the estimate from western Europe is generalisable to different countries and time periods needs to be ascertained. Until the past decade, very little evidence existed of systematic variation in prevalence or incidence of dementia between high-income countries, where life expectancy is high. By contrast, substantial variation is reported in low-income and middle-income countries, where life expectancy is still lower than the median age of dementia incidence in high-income countries (about 83 years of age). 17 For example, high estimated dementia prevalence has been reported in Latin America, 6 a population that also has a high vascular risk profile. Differences in economic development, population structure, and societal and cultural contexts could limit application of scientific evidence, which is mainly from high-income countries. Policy makers need to assess the relevance of the scientific evidence to different contexts in different countries over different time periods.
The relevance of the study design
Five western European studies have reported a valid comparison of prevalence [18] [19] [20] [21] [22] and incidence 23 between two comparable cohorts. These studies were carried out in Sweden (the Stockholm study [first cohort: the Kungsholmen Project; second cohort: Swedish National Study on Aging and Care in Kungsholmen] 20 and the Gothenburg study [the H70 study]), 19 the Netherlands (the Rotterdam study), 23 the UK (the UK study [the Cognitive Function and Ageing Studies]), 22 and Spain (the Zaragoza study [the Zaragoza Dementia Depression Project]). 18, 21 In eastern and central Europe, this kind of comparison has not been possible because no population-based cohort studies have been done. 4 The age of the study populations was 70 years and older in the Swedish studies 19, 20 and 55 years 23 or 65 years 18, 21, 22 and older in the other studies. The first cohorts were studied between 1976 and 1989, with the second cohorts studied between 1994 and 2008. The time separation of the comparisons ranged from 7 years (the Zaragoza study) 18, 21 to 30 years (the Gothenburg study). 19 A detailed analysis of study design and population sampling is needed to interpret results, particularly if they are to be applied nationally and compared internationally. Figure 1 is a schematic representation of the designs and population sampling of these five studies, and the methods used in these studies are summarised in the appendix. Three studies 18, 19, 21, 22 were direct comparisons of two cohorts, with new sampling of the population independent of the previous cohort. The Rotterdam cohort 23 did not do new independent sampling, but incomers and the so-called newly old were periodically included. 23 The study based in Stockholm was originally a dedicated local study, but the most recent study was based on a local subsample from a national study. 20 Response rates decreased in three of the studies, 18, 19, 21, 22 with varying ability to assess the effect of such changes on the findings. The other two studies 20,23 had stable response rates. Although analytical methods were different across studies, each attempted to keep the diagnostic methods as stable as possible between the two timepoints, recognising that changes over time in approaches to diagnosis are likely to affect estimated prevalence and incidence, but only one 22 used a fixed algorithm method (a standardised psychiatric interview, the Geriatric Mental State Examination, and its diagnostic algorithm). 
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Dementia prevalence changes over time
Findings from the first cohorts in each study showed similar prevalence estimates of dementia across different countries, with prevalence consistently doubling every 5 years. 7 The two studies of populations of people aged 65 years and older (in the UK 22 and Zaragoza 18,21 ) with independent sampling over time reported decreased dementia prevalence between cohorts-in Zaragoza, 18, 21 the reduction in men reached significance, although the reduction in overall prevalence did not and, in the UK, 22 overall prevalence significantly decreased (appendix). Stable prevalence of dementia over time was reported in both Swedish studies. 19, 20 Changes in age-specific and gender-specific estimates of prevalence for the three studies that directly compared cohorts 18, 21, 22 are shown in figure 2 . The Gothenburg study 19 is not included because its analyses only focused on populations of particular ages and the Rotterdam study 23 is not included because it investigated changes in incidence. The estimates of high prevalence in men in the oldest age group of the UK study 1 cohort were obtained because of the small sample size, resulting in the unstable high estimate with a wide confidence interval. Figure 3 shows prevalence change over time for both sexes in four of the five studies. [19] [20] [21] [22] The findings shown in figure 3 suggest decreases in prevalence in men and stability in women in the studies from mainland Europe. [18] [19] [20] [21] Findings from the UK-based study 22 showed decreased prevalence in both sexes.
The Rotterdam study 23 is the only study that reports incidence data. A reduction in incidence during a 10 year period, although not significant, was detected. The Stockholm study 20 inferred changes in incidence during a 20 year period by integrating prevalence and mortality, also suggesting a reduction. The Stockholm study 20 and the Rotterdam study 23 examined mortality, and both reported a decrease for the whole population. Only the Stockholm study 20 compared changes in mortality of people with dementia, and findings showed a decrease between 1987 and 2001. Detailed findings are provided in the appendix.
Thus, despite differences in how the studies were done, no evidence from any of these studies suggests a significant increase in prevalence over time when diagnostic methods and age structure are stabilised. Findings from four of the five studies showed nonsignificant changes in overall dementia occurrence (appendix). The only significant reduction in overall prevalence was found in the UK study, powered and designed explicitly from its outset to detect change across generations (22%; p=0·003). Findings from the Zaragoza study showed a significant reduction in men's prevalence (43%; p=0·0002; calculated post-hoc with the method suggested by Altman and Bland 24 ). Findings from the Stockholm 20 and Rotterdam 23 studies suggest reduced incidence, one using indirect methods. 20 The indirect comparison of incidence was inferred using prevalence and mortality.
The strengths of the studies that we have selected for this Policy View are that they are population-based and attempt to retain similar study methods over time. Use of consistent study methods suggests an actual reduction in prevalence and incidence across time and generations, as opposed to an increase seeming to occur because of use of more inclusive diagnostic criteria. These studies provide, by far, the most compelling evidence from a Europe region on estimated population changes affecting prevalence and potentially incidence of and mortality from dementia.
A potential limitation of these western European studies is low response rates in recent cohorts, particularly in the UK 22 and Spain. 18, 21 The UK study 22 is the only study to provide detailed sensitivity analyses to address the potential effect of dropouts. Response rates in the 
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Rotterdam 23 and Sweden 19, 20 studies have been steady between cohorts, although the profiles of people who refused to take part could have changed. Another factor that could have affected estimated prevalence and incidence is the likelihood of dementia being mentioned in medical records if these records are used to supplement incomplete information. Medical records data were used in some studies (the Rotterdam, 23 Gothenburg, 19 and Zaragoza 18,21 studies), which could be expected to increase estimates because this method will be subject to increased inclusiveness of broader diagnostic criteria and increased likelihood of contact with health services across time. Although each study used consistent methods between the cohorts within the studies, study designs and research methods were different among studies, so meta-analysis is not possible.
Reasons for prevalence change over time
One reason for this decrease in dementia prevalence over time could be societal changes and their effects on the health of different generations ( figure 4) . Life expectancy at birth in the four countries is related to the effect of wars (World War 1 and 2, and the Spanish Civil War), famine (Dutch famine of 1944), and infectious diseases (1918 influenza). These historical events seem likely to have had a profound effect on living conditions, growth and development, physical and mental health in early life, and cognition late in life across different generations. 9 In the two Swedish studies, 19, 20 people in the first cohorts born before 1915 could have had poorer education, worse living conditions, and a higher threat of influenza in their early life than those in the second cohorts had. In Spain, 18, 21 although only a 7 year difference existed between the two cohorts, the Civil War and continual famines during and after the Civil War could have had substantial effects on the nutrition and primary or secondary education of the cohorts. 25 People in the two Dutch cohorts 23 who experienced the 1944 famine at different life stages and survived war periods have been reported to have different health profiles late in life between cohorts. 26 Those in the 
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second cohort in the UK study 22 can be deemed a so-called post-war generation, with better survival, education, cognitive and physical development in early age, and health status throughout their life than those in the first cohort.
Adverse environments in early years will affect survival and might be different according to sex and deprivation. We found a greater reduction in dementia prevalence in men than in women. Since the 19th century, women in western Europe started to have longer life expectancy than did men, but this sex difference has decreased since the 1980s. 27 Although improvement of living conditions, education, and health care might reduce dementia occurrence in generations born more recently, societal changes might have more complex effects on women's behaviour and life experiences than on men's. Changes in behaviour and lifestyle, such as smoking, drinking, and employ ment, have been suggested to have a substantial effect on premature mortality and occurrence of noncommunicable diseases in women. 28, 29 Some of these factors are known to increase the risk of dementia and might affect the trends of dementia prevalence over time. People with better education, socioeconomic status, and health conditions are usually more resilient and have a higher probability of survival to older ages. 30, 31 Research into the effect of change in behaviour, such as that related to smoking or risk factors for vascular diseases, was very much focused on men in the 20th century.
In addition to demographic and lifestyle factors, findings from observational studies 32 have consistently shown the strong relation between vascular risk factors and cognitive decline and dementia. Incidence and mortality of major cardiovascular diseases have decreased in high-income countries since the 1980s. 33 Prevention and treatment of vascular diseases and chronic conditions might play an important part in the reduced or stable occurrence of dementia during the past 20-30 years. Decreasing morbidity with shortening periods of physical and cognitive infirmity might be occurring, and our data concur with this assertion. 34 Investigators studied changes in physical and cognitive functions in Danish people aged 90 years or older between two cohorts with a 10 year difference. The young generation had better cognitive and physical functions than did the old generation in this very old age group.
Implications for policy
In this Policy View, we provide a positive and encouraging message in terms of a possible decrease in dementia occurrence (panel 3). This decrease underlines the potential long-term benefits of national policies related to education, social determinants of health affecting inequalities, and health behaviours for future generations. Cognitive and brain health late in life are rooted in physical and mental health from early in life, so every stage of life matters. Policies aimed at whole populations, such as prevention policies, health promotion, and health-care provision, through all stages of life, are likely to be important. 35 This evidence from the western European studies reinforces the potential of preventive strategies throughout life to reduce dementia risk rather than the overemphasis on pharmaceutical interventions in late life; policy makers need to bear this potential in mind when drafting their present plans for investment.
Panel 3: Overview of and take-home messages from this Policy View Dementia
A clinical syndrome characterised by altered cognitive function (decreased cognitive function, such as decreased memory, altered language, and executive function). 
Risk factors for dementia
Strengths and limitations
• The epidemiological studies that we have covered in this Policy View used the same study methods between two timepoints to compare changes in dementia occurrence over time. • Meta-analysis of the heterogeneous data from these studies cannot be done. Response rates vary across countries and are generally lower in more recent cohorts, with the limitation, particularly in the UK and Spain studies, of decreased response rates.
Policy implications
• All policies aiming to prevent dementia need to take health factors in early life into account. Policy planning should be balanced across primary (policies reducing risk and increasing cognitive reserve), secondary (early detection and screening), and tertiary (once dementia is present) prevention. • Primary prevention has the largest effect on reduction of later dementia occurrence and disability. • Policy makers need to carefully assess evidence provided to them for dementia, taking into account changes in diagnostic procedure, time, geographical location, and relevance for present and future populations. • Population-based epidemiological research with use of consistent methods across different locations, time periods, and cultures provides robust evidence for policy making and dementia care planning, and a comprehensive understanding of health in old age.
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Although life expectancy at birth continues to show substantial variation between social environments across countries, previous research shows that combined prevalence estimates in western Europe are reasonably consistent across countries. 7 Trends in prevalence and incidence of dementia are likely to be modulated by a complex combination of societal changes affecting survival, lifestyle factors, and health profiles across life stages.
The European studies synthesised here present a rather different picture to the so-called dementia epidemic reported in some systematic reviews and metaanalyses, 3, 15 and suggest that the number of people with dementia in European countries is stabilising, despite population ageing. However, dementia care will remain a lasting challenge for many years. In particular, the oldest old (eg, 85 years and older) is the fastest growing age group in the population, with about 40% currently estimated to be affected with dementia, and many more with cognitive decline and frailty. 36, 37 The case for balanced investment in research across primary (policies reducing risk and increasing cognitive reserve), secondary (early detection and screening), and tertiary (once dementia is present) prevention has never been stronger. In a health policy study of dementia, the Organisation for Economic Co-operation and Development 38 mentioned that health systems across member countries allocate less than 3% of their health system spending to dementia prevention. Dementia research still emphasises biomarkers, biochemical mechanisms, treatments, and cure. In the UK, the research impact report from the Alzheimer's Society 39 shows that 5% of research funding between 1990 and 2012 was dedicated to studies of risk factors and preventive strategies, with 11% invested in those of dementia diagnosis and 20% in those of care and support, whereas nearly 65% was invested in research on causes, cure, and treatment development.
Search strategy and selection criteria
We searched PubMed and Web of Knowledge using the search terms ("dementia" OR "Alzheimer's disease") AND ("time" OR "trends") for reports published between Jan 1, 2000, and Feb 28, 2015. We used two inclusion criteria to select publications: they had to report on population studies with contemporary findings in European populations and had to have potential for comparison with earlier prevalence or incidence data. We extracted information about study design, methods, and results. For the identified recent studies, we used earlier publications reporting first cohort results for more detailed information. We identified six studies done over two time periods, including two based on specific age groups. We identified one of these as relevant and included it. We excluded the other one because the study populations of the two time periods were not sampled independently and only had a 5 year gap for comparison. We therefore analysed five studies for this Policy View.
Scientific evidence needs to be assessed for its strengths and weaknesses, bearing in mind the population that it comes from to provide greatest value for investments made. The strength of these western European studies-including stable study methods over time, appropriate and representative population sampling, good response rates, and repeated, fresh sampling on a regular basis-need to be sustained and developed further. The advance of epidemiological research could inform not only policy and practice, but also our understanding of health in old age.
Contributors
CB developed the original idea and designed the approach. Y-TW searched the literature, collected data, and reviewed the studies. Y-TW, CB, LF, FEM, AL, MMBB, and IS wrote the report.
Declaration of interests
We declare no competing interests.
